Immediately after purification of cowpea chlorotic mottle virus (CCMV) in situ degradation of RNA-2 into two distinct RNA fragments begins. Upon storage of purified virus, even at 4 °C, all four virus RNAs degraded into small heterogeneous pieces. Addition of thiols accelerated degradation, as did higher temperatures. Addition of chelating agents in low concentrations prevented the in situ RNA degradation.
INTRODUCTION
Cowpea chlorotic mottle virus (CCMV) is frequently used for the study of the assembly process of spherical viruses (see Lane, I974, for review) . CCMV produces three types of spherical nucleoprotein particle, each with a diam. of 25 nm and a protein coat constructed of I8O identical structural subunits. The particles have similar sedimentation coefficients but can be distinguished by buoyant density differences in CsC1 or RbCI. The particles contain four RNAs, RNA-I, -2, -3 and -4 with mol. wt. of 1.2o, 1"o7, o.81 and o'25 x io 6 respectively. The smallest two are encapsidated together, the other two separately (Bancroft & Flack, 1972) .
If CCMV is kept in buffer solutions at pH 5"o, where the virus is presumed to be stable and resistant against nuclease (Bancroft & Hiebert, I967) , the RNA degrades (Bancroft & Flack, I972; Verduin, I974) .
I report here on the in situ degradation of CCMV-RNA and the characterization of virus particles containing degraded RNA. The influence of thiol compounds, chelating agents and different quaternary structures of CCMV coat protein on the degradation of RNA is described. Finally, a sequence of reactions involving a superoxide radical and causing the in situ RNA degradation is proposed. Degradation of CCMV-RNA I33 i "3 (w]w) and dialysed against I o mM-KC1, 5 mM-MgCI~, and 1 mM-DTT buffered with lO mu-tris-HC1 at pH 7"4 (assembly buffer) for 2 h at 4 °C (Bancroft & Hiebert, I967) . The reassembled products were dialysed against virus buffer and used without further purification. Empty capsids for the examination of the effect of coat protein on RNA degradation were prepared from the washed dissociated protein by dialysing overnight at 4 °C against o-2 M-NaC1, 1 mM-DTT, buffered at pH 5"o with 5o mM-sodium acetate. A lower salt concentration was used to prevent an ionic strength effect on the RNA degradation, although no effect was observed between o and o-2 M-NaCI.
Polyacrylamide gel electrophoresis. Virus RNA was analysed by electrophoresis at IO or 6o °C in 2-6% (w/v) polyacrylamide gels with the buffer system used by Loening (1967, I969) . Glycerol (final concentration IO%, v/v) was added to RNA solutions before application to the gel. If RNA within nucleoprotein particles had to be analysed, the particles were dissociated at room temperature in a solution of IO% (v/v) glycerol and 2% (w/v) SDS in water, for at least 5 rain, and 5o #1 of the solution of the dissociated virus, equivalent to IO #g RNA, was subjected directly to electrophoresis for 4 h at 4 V per cm of gel. After electrophoresis the gels were kept overnight in water and scanned at 26o nm with a Beckman Model 25 spectrophotometer equipped with a gel scanner. As a control the gels were stained afterwards in o.o1% (w/v) toluidine blue in 4o% (v/v) methoxy ethanol to detect irregularities and extra bands not resolved with the gel scanner.
Evaluation and comparison of the state of the degraded RNA. For measuring in situ
degradation of CCMV-RNA, virus at a concentration of o.I6% (w/v) in virus buffer, without EDTA, containing I% (v/v) 2-mercaptoethanol (2-ME), was incubated for 2 h at 37 °C, unless stated otherwise. The degradation was stopped by adding EDTA to a final concentration of I raM. A sample was analysed on 2.6% (w/v) polyacrylamide gels.
Scans were taken of gels containing RNA from virus incubated for 2 h at 37 °C in the presence of EDTA (undegraded RNA, A), the absence of EDTA (completely degraded RNA, B) and in the presence of various compounds (test RNA, C) and total areas under the absorption curves were determined by weighing. The degree of degradation was
Electron microscopy. (Neal & Florini, I972) . The contents of the tube were fractionated by an ISCO density gradient fractionator Model 185 and the absorbance at 281 and 257 nm was monitored with two LKB Uvicord II absorption-meters connected with two Servogor recorders.
Infectivity test. Virus infectivity was measured by local lesion assay on leaves of horticulturally soft Chenopodium hybridum L. (Rochow, 1969) . The preparations to be tested were inoculated with a glass spatula on to one-half of ten leaves, dusted with Carborundum. . Electrophoresis patterns of CCMV-RNA in 2.6% (w/v) polyacrylamide gels at IO °C in the buffer system described by Loening (1967, I969) . Virus, 3 days after starting purification, was dissociated in IO~ (v/v) glycerol and z% (w/v) SDS and 4o/~g of dissociated virus in 50/zl were applied to the gels and electrophoresed for 4 b at 4 V/cm of gel. (a) Virus purified and kept with EDTA and (b) virus purified and kept without EDTA. The arrows and the respective numbers indicate the distinct RNA species found with infectious CCMV at pH 5'o.
The opposite halves were inoculated with control virus, a standard virus preparation of A26o ~ 0.I, producing about 4o lesions per half leaf. The necrotic lesions were counted after five days and the infectivity was expressed as (total number of lesions on ten test halves/total number of lesions on the control halves) × I00. Chemicals and enzymes. Thiol compounds were obtained from Boehringer. 2-ME, 2-aminoethylisothiouronium bromide hydrobromide (AET) and pancreatic ribonuclease were obtained from Koch-Light, Calbiochem and Sigma, respectively. All other chemicals used were analytical grade products from Merck. Disodium EDTA was soluble up to 0-2 M in o'I M-sodium acetate at pH 5"0. Superoxide dismutase isolated from bovine erythrocytes was a gift from Dr S. G. Mayhew.
RESULTS

In vitro degradation of CCMV-RNA in situ
If CCMV was purified by the procedure of Bancroft et al. (I972) the RNA from the virus always showed some degradation. The electropherogram (Fig. I b) showed, in addition to the virus specific RNAs-I, -2, -3 and -4, two peaks which will be referred to as RNA-5 and -6, with mol. wt. of 0"64 and 0"45 x IO s respectively. RNA-5 and -6 were observed within 48 to 72 h after starting the purification. In contrast, virus purified and stored in the presence of I mM-EDTA had little degraded RNA (Fig. i a) . If electrophoresed in polyacrylamide gels at low temperatures, CCMV-RNA occasionally showed more heterogeneity (Fowlks & Young, 197o; Bancroft, 1971) . This heterogeneity, visualized as band broadening and overlapping of RNA-I and -2 (Fig. I b) , could be eliminated by heating the sample and was therefore probably due to different secondary structures of the four RNA components. Electrophoresis of RNA from dissociated virus at 6o °C gave highly reproducible RNA patterns, always with the same relative amounts of the four RNA species and was therefore used in all further experiments. With this procedure no difference could be found between RNA patterns of isolated RNA and RNA from dissociated virus put directly on gels. Variations in the relative amounts of the RNA species caused by the procedure for extracting the RNA (Bancroft & Flack, 1972) were eliminated using our methods. It should be emphasized that electrophoresis at lower temperatures (IO or 25 °C) resulted in a better separation of the RNA species if the RNA had been isolated from the virus particles and precautions had been taken to eliminate secondary structure or residual protein (Bancroft, 1971) . With the standard procedure at 60 °C, virus preparations with and without RNA species 5 and 6 were compared. From the different peak heights of RNA-I and -2 relative to RNA-3 (Fig. 2a, b) itwas concluded that the appearance of species 5 and 6 was accompanied by a loss of RNA-2. A similar conclusion for the origin of RNA-5 and -6 was drawn by Bancroft & Flack (1972) .
Equilibrium density gradient analysis in RbC1 of virus containing degraded RNA did not reveal any change in the nucleoprotein component ratio, nor in the density of the particles. By analysis on polyacrylamide gels of RNA from separated particle fractions, RNA-5 and -6 were detected in nucleoprotein particles with the same buoyant density as the particles containing RNA-2. This confirmed that soon after virus purification some virus RNA-2 degraded into RNA-5 and -6, without any change in the buoyant density of the particle containing the degraded RNA. 
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Storage of virus
Besides specific degradation of RNA-2 into RNA-5 and -6, a random degradation of the other RNA components was observed when virus was kept for 96 h at 4 °C in o.I Msodium acetate buffer, pH 5"0, containing I mM-sodium azide. First, degradation of RNA-I occurred as indicated by the change in peak height relative to RNA-4 (Fig. 3b, d and f). Storing for longer periods resulted in the degradation of RNA-2, -3 and even RNA-4 (results not shown). The degradation of RNA-I and -3 and the further degradation of RNA-2 did not result in distinct absorption peaks in 2.6% (w/v) polyacrylamide gels but rather an increase of absorbance in the area between RNA-3 and -4-In the presence of I% (v/v) 2-ME the in situ degradation at pH 5"0 and 4 °C was much faster. Virus kept for 96 h with 2-ME contained RNA that no longer produced a distinctive absorption pattern on 2.6% (w/v) polyacrylamide gels (Fig. 3 e) . The nucleic acid apparently had been degraded into fragments with molecular weights lower than Iooooo which had run off the gel. No in situ RNA degradation was ever observed, if the virus was preserved in buffer containing I mM-EDTA, and the virus could be stored for 6 months and longer in the refrigerator at 4 °C without any change in the RNA pattern. 2-ME did not cause significant in situ degradation of virus RNA in the presence of EDTA.
Ribonuclease contamination
Saha (I 974) reported that ribosomal RNA could be specifically degraded by low concentrations of added RNase. Therefore the effect of various RNase inhibitors on the purification of CCMV was examined. Macaloid or diethylpyrocarbonate (DEP), with final concentrations in the leaf homogenate of I% (w/v) or 3% (v/v) respectively, did not prevent the degradation. Using chloroform-butanol in the virus purification, a procedure which might denature enzymes adsorbed at the surface of virus particles (Geelen et al. I97Z) , had no effect on the RNA degradation. Neither was the RNA degradation inhibited when virus was kept after purification in the presence of macaloid or DEP or was re-extracted with chloroform-butanol. From these results it appears unlikely that an RNase on the outside of the virus particle was responsible for the degradation of the RNA in situ. This conclusion was supported by the finding that virus incubated for 30 min at 37 °C in o.I M-sodium acetate, pH 5"o, and i raM-sodium azide with pancreatic RNase, even at an enzyme virus ratio of I/Io on a weight basis, did not stimulate in situ RNA degradation.
Influence of chelating agents EDTA prevents alfalfa mosaic virus (AMV) losing infectivity (Van Vloten-Doting et al. I97O). It appeared that EDTA was also a very effective inhibitor of the in situ degradation of CCMV-RNA. Addition of Io mM-EDTA during homogenization of the leaves and I mM-EDTA in the buffers used in the further purification of virus prevented the appearance of significant amounts of RNA-5 and -6. To see whether the effect of EDTA was due to its chelating properties or to some other specific effect, three other chelating agents were tested at different concentrations. Ethyleneglycol-bis(2-aminoethylether) tetraacetic acid (EGTA) prevented the in situ degradation of CCMV-RNA as effectively as EDTA at concentrations ranging from o-I M to O'5 mM. Citrate was less effective, but I mM-citrate inhibited RNA degradation to some extent. Diethyldithiocarbamate (DIECA) affected the degradation of the RNA only at high concentrations. If virus was incubated with o.I M-DIECA the RNA pattern on gels was similar to that of virus without degraded RNA. These results suggest I38 B.J.M. VERDUIN 
* CCMV (I'6 mg/ml) was incubated for 2 h at 37 °C in o.I M-sodium acetate buffer, pH 5'0, containing I raM-NaN3 and the thiol compound in the desired concentration. The reaction was stopped by adding an equal volume of 20% (v/v) glycerol, 4% (w/v) SDS and 2 mM-EDTA in water. A sample of o'o5 ml was analysed on 2-6 % (w/v) polyaerylamide gels. The different degrees of degradation were determined after 4 h electrophoresis at 60 °C with a voltage of 4 V/cm of gel.
t + + + +, indicates completely degraded RNA, showing little or no absorbance on 2"6% (w/v) polyacrylamide gels; --, no degradation.
~: Not tested.
that di-or tri-valent cations may be involved somehow in the in situ degradation of CCMV-RNA. However, addition of Mn 2÷, Mg ~+ or Co S+ in tenfold molar excess over I mM-EDTA did not overcome the effect of EDTA.
The effect of thiol compounds As 2-ME stimulated the in situ degradation of CCMV-RNA in the absence of EDTA, several thiol compounds were tested. CCMV was incubated at pH 5"0 with different concentrations of the compounds listed in Table ~ for 2 h at 37 °C and the degradation of the RNA was compared. All thiol compounds stimulated the in situ degradation of CCMV-RNA at pH 5"0. Of the different compounds DIECA was least effective. Increasing the thiol concentration stimulated degradation of the RNA. Cysteine, DTT and glutathione stimulated the degradation maximally at a concentration of o.oI to 0"05 M while a further increase in concentration had no effect. Thioglycollic acid even decreased the amount of degraded RNA at concentrations of 0"05 to o.I M.
The pH of all thiol compound solutions was adjusted to 5 before adding to the incubation mixture. The adjustment of pH was necessary since the RNA degradation depended on pH. In the range from pH 4"5 up to pH 6"5 the most rapid degradation was found at pH 5"0 (results not shown).
Isolated RNA did not degrade when incubated with the various thiol compounds at 37 °C.
The effect of coat protein
If ~ vol. of isolated RNA (o'4 mg/ml) was incubated at 37 °C with I vol. of CCMV 0"6 mg/ml) in the presence of 2-ME, less RNA degradation was observed than with virus alone (Fig. 4a, b and c) . Apparently the added RNA had a similar effect to EDTA.
However, if t vol. of isolated RNA (o'4 mg/ml) was mixed with I vol. empty protein capsids (I.2 mg/ml) in o.2 M-NaC1, I mM-DTT and 5o mM-sodium acetate buffer, pH 5"o, and incubated at 37 °C in the presence of 2-ME, the RNA degraded (Fig. 4 d) . Probably the higher protein-RNA ratio is responsible for the degradation of the RNA because in situ degradation was independent of the presence or absence of o.2 M-NaC1 (results not shown). If virus particles were reassembled from isolated RNA and washed coat protein as described by Bancroft & Hiebert (1967) , the RNA degraded in situ upon storage of the assembled particles in virus buffer without EDTA or after incubation with 2-ME at 37 °C (Fig. 4f) . This also demonstrated the need for high protein-RNA ratios to induce RNA degradation. Incorporation of I mM-EDTA in the buffer solutions prevented degradation of RNA during assembly, and in situ RNA degradation of reassembled virus particles upon incubation with 2-ME at 37 °C (Fig. 4e) .
These results show that virus coat protein is involved in the in situ degradation of CCMV-RNA, although native virus structure is not essential for activity. Because the in situ degradation can be prevented by EDTA or other chelating agents it appears unlikely that the in situ degradation of the RNA is due to nucleases encapsidated by the virus.
Characterization of virus with in situ degraded RNA
Incubation of virus with 1% (v/v) 2-ME at 37 °C for 4 h resulted in the degradation of its RNA into fragnaents with mol. wt. of less than IOOOOO (cf. Fig. 5a, e) analysed on IO to 5o% (w/v) linear sucrose density gradients in an SW 4I rotor for I5 h at zSOOO rev/min and eo °C. The contents of the tubes were monitored at 257 and 281 nm. As control, virus purified and kept with EDTA was incubated at 37 °C with 2-ME in the presence of I mM-EDTA, for (a) o, (b) 6o and (c) I2O min. The absorbance at the top of the gradient, shown also with control virus, is due to the SDS-denatured coat protein from the dissociated virus. Near the bottom of the tube some absorbing material could be detected, which appeared to be SDS precipitated in about 5o % (w/v) sucrose.
containing degraded RNA sedimented at the same rate as virus with undegraded RNA (Fig. 5b, f) . The buoyant density of these nucleoprotein particles in RbC1 and the relative amounts of each of the components were not changed (Fig. 5 c, g ). No aggregation or disintegration of virus particles was apparent from the sedimentation behaviour and in the electron microscope the virus particles were similar to those of virus with undegraded RNA (Fig. 5 d, h ). From these results it may be concluded that the in situ degradation of the RNA into low mol. wt. fragments did not have an effect on the morphology, density and hydrodynamic properties of the virus. The degraded RNA did not show distinct bands after electrophoresis on 6 or lO% (w/v) polyacrylamide gels, indicating that the RNA had degraded to heterogeneous small fragments. On gels it was difficult to establish a quantitative relation between the loss of RNA-I, -2, -3 and -4 and the appearance of small heterogeneous fragments. Therefore virus was incubated for o, 60 and I2o min at 37 °C with I% (v/v) 2-ME, dissociated with SDS and analysed on Io to 50% (w/v) linear sucrose density Distance migrated (cm) + Fig. 7 -Electrophoresis patterns of CCMV-RNA degraded to different degrees in 2.6~ (w/v) polyacrylamide gels. A sample of 0"o65 mg of the dissociated product described in Fig. 6 was analysed on polyacrylamide gels as described in Fig. I . For explanation of symbols see Fig. 6 . gradients ( Fig. 6d to f) . It was shown that the degradation of RNA-L -2 and -3 was accompanied by increasing amounts of slowly sedimenting heterogeneous material (compare Fig. 6 d to f) . The areas under the absorbance patterns of the gradients were cut as indicated in Fig. 6 and weighed. The absorption areas appeared to be the same within ~o%, indicating that the different gradients contained the same amount of RNA. So the conclusion can be drawn that incubation of virus with 2-ME degraded its RNA into small heterogeneous * Virus (I-6 mg/ml), with or without I mM-EDTA, was incubated with I ~ (v/v) 2-ME at 37 °C in o'I Msodium acetate, pH 5"0, containing I mi-NaN3. After o, 3o, 6o and 9o min I mM-EDTA was added and samples were removed from the incubation mixture and diluted to a virus concentration of o.I A260/ml with IO raM-sodium phosphate, pH 6'o, containing I mM-MgClz. Virus preparations, after incubation, were tested on ten half leaves of Chenopodium hybridum L. The opposite halves were inoculated with control virus: a standard virus preparation, producing about 40 lesions per half leaf.
t Infectivity was expressed as (total number of lesions on ten test halves/total number of lesions on the control halves) = IOO. Numbers are averages of three experiments. fragments and that RNA was not lost due to aggregation of RNA or failure of virus to dissociate. Immediately after incubation, the same virus preparations were analysed on 2.6% (w/v) polyacrylamide gels for direct comparison of the degraded RNA patterns on gels and in sucrose gradients (compare Fig. 7 with Fig. 6 ). The decrease in the peak heights of RNA-I, -2 and -3 in the electropherogram corresponded with the increase of slowly heterogeneous sedimenting material in the sucrose gradients ( Fig. 6 and 7 , lower panels).
Also some CCMV-RNA was degraded in situ when the virus was incubated for these long periods with 2-ME at 37 °C even in the presence of EDTA (Fig. 6 and 7, upper panels) .
Virus, purified and kept without EDTA, rapidly lost its infectivity when incubated with 2-ME. Table 2 shows that after 9o min incubation about IO°/0 of the infectivity was left, whereas CCMV which was purified and kept with EDTA, then incubated with 2-ME in the presence of I mM-EDTA, retained 65% of the infectivity of the control preparation, treated with 2-ME on ice. From these data the rate of inactivation can be calculated: t½, incubation time after which 5o% of the infectivity is lost, is 3o min. Table 2 further shows that virus, which was purified and kept without EDTA, contained some RNA-2 degraded into RNA-5 and -6 and had 2o% lower infectivity, compared with virus that was purified and kept with EDTA.
The role of oxygen in the degradation
Murata et al. (I 972 b, I973) reported in situ degradation of the ds-DNA of bacteriophage JI by low concentrations of thiol compounds. These authors explained their results by the action of highly reactive superoxide radicals O~-', which could directly or indirectly inactivate the nucleic acid. To examine whether this mechanism was responsible for the z-ME induced degradation of CCMV-RNA, CCMV was incubated with 2-ME but without EDTA in a N~ atmosphere, or in the presence of compounds known to inactivate superoxide radicals. Superoxide dismutase and 2-aminoethylisothiouronium bromide hydrobromide (AET) both scavenge superoxide radicals (McCord & Fridovich, I969; Murata & Kitagawa, I973 a, b) . Bubbling nitrogen gas through a virus solution for IO rain prior to incubation with z-ME under N~ in a sealed tube reduced the in situ degradation of CCMV-RNA (Fig. 8 d) compared with control virus without N2 (Fig. 8 c) . Incubation of virus in the presence of 0'35 x io -s M-superoxide dismutase without nitrogen gas also decreased in situ degradation of CCMV-RNA (Fig. 8 e) . Both results demonstrate that the involvement of molecular oxygen can partially explain the process. The almost complete inhibition of the in situ CCMV-RNA degradation in the presence of 3% (w/v)AET, a radical scavenger (Freese & Freese, I966) , suggests that RNA degrades predominantly by a free radical mechanism (Fig. 8f) . With AET, lower concentrations were sufficient to prevent the in situ RNA degradation. With superoxide dismutase, however, complete inhibition was not observed, even at a concentration of IO -5 M.
DISCUSSION
In purified CCMV, some RNA-2 degraded into distinct RNA fragments: RNA-5 and -6. Upon storage, RNA within purified virus degraded further in situ. 2-ME stimulated this degradation. The degraded RNA consisted of small heterogeneous RNA fragments. Low concentrations of EDTA and other chelating agents prevented the in situ RNA degradation.
I do not know of any described degradation or inactivation of a plant virus by reducing agents. A protective effect of EDTA was also demonstrated for AMV by Van Vloten-Doting et al. I97O , who did not explain the effect. Complete inactivation of AMV occurred when the purified virus was kept for 14 days at 4 °C. This inactivation was prevented by EDTA.
For bacterial viruses Murata et aL (I97I, I972a, b) have observed degradation of isolated and in situ nucleic acid by reducing agents which could be prevented by chelating agents. The rates of inactivation of bacteriophage JI by z-ME (Murata et al. I972a ) are comparable with my data from infectivity tests, although it has to be borne in mind that the rate is strongly dependent on the concentration of the reducing agent and the pH of the incubation mixture (Murata et aL I97I; Murata & Kitagawa, I973b) . Murata et al. (I973) explained their results by a radical mediated mechanism, without specifying the process.
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Suppression of RNA degradation by radical scavengers also suggests the involvement of a radical. Cecil & McPhee 0959) suggested the following reactions for the oxidation of a thiol compound (RSH) by oxygen, catalysed by traces of contaminating metals, e.g. Fe2+:
Fe2+RS complex + O~ ) Fe3+RS complex + O2-', 02-" + RSH ) HO2-+ RS', RSH + RS' + Fe3+RS complex ) Fe2+RS complex + RSSR + H +.
I have found that, for the in situ degradation of CCMV-RNA, oxygen is required as well as free radicals. The effect of chelating agents can also be explained by assuming a metal mediated inactivation. The fact that RNA-z is split into two distinct fragments, while the other RNAs are not, suggests that RNA-2 is somewhat differently packed in the coat protein shell. A similar degradation mechanism during purification catalysed by ascorbic acid rather than 2-ME is feasible. The radical species responsible for the breaks in CCMV-RNA has not been determined. Van Hemmen & Meuling (1975) demonstrated that the inactivation of DNA by radiolysis of oxygenated aqueous DNA solutions was strongly pH-dependent. Under slightly acidic conditions the superoxide radical is in equilibrium with an hydroperoxyl radical (HO2") according to HO2'~ 02-" + H + with a pK value of 4"9 (Van Hemmen & Meuling, I975). These authors found that a decrease in pH of the incubation medium increased the rate of inactivation, suggesting an hydroperoxyl radical (HO2") as inactivating radical rather than the superoxide radical (O~-'). Both 02-' and HO2' can react with H202, formed from O2-', HO2" and water, to produce an OH' radical. This hydroxyl radical can react with nucleic acids by a mechanism similar to enzyme catalysed hydrolysis (Yagi, I972) . The in situ degradation of CCMV-RNA was maximal at pH 5"o and decreased at both acidic and basic pH values; hence for CCMV, a hydroxyl radical might be the inactivating species.
Probably coat protein is a source of traces of metal ions. In virus purified using EDTA, RNA can degrade in situ after extensive dialysis of the virus against several changes of EDTA-free buffer. Apparently the coat protein collects trace amounts of metals from buffer and salt solutions of analytical grade chemicals during this procedure. The degradation of CCMV-RNA in situ varied among different virus preparations probably because of the varying amounts of contaminating metals. The resistance of isolated RNA to degradation by 2-ME was not absolute, but demonstrated the low free-metal content of isolated RNA. It will be necessary to analyse the metal content of CCMV preparations to test this hypothesis. A study of the influence of metals on the integrity of RNA and virus at pH 5"o and 7"5 in the presence or absence of thiol compounds will be needed to discriminate between the complexity of either specific metal or oxygen effects. In preliminary experiments I have observed that Cu 2+ prevented in situ degradation of CCMV-RNA. Here, a metal scavenged the superoxide radical and thus prevented in situ RNA degradation.
Some contribution to the in situ RNA degradation of semiquinones, generated by oxidation of polyphenols or the reduction of o-quinones, which are adsorbed to the coat protein, cannot be excluded. However, extraction of virus from tissue in the presence of DIECA and ascorbic acid, known to prevent polyphenoloxidase activity and covalent linkage of quinones to virus, did not prevent in situ RNA degradation. Isolated CCMV-RNA can be inactivated by a mixture of chlorogenic acid and tyrosinase as was reported by Woods & Agrios (~974) , although the inactivating species, a quinone, semiquinone or RNase was not unequivocally demonstrated. Bancroft (I97~) extracted degraded RNA r46 B. ~I. M. VERDUIN from virus, which was also incubated with chlorogenic acid and tyrosinase. The influence of quinones on CCMV in vivo and in vitro is now being investigated. Dawson & Kuhn (I974) found low specific infectivities with CCMV from to-to 2o-dayinfected cowpea plants. When this virus of low specific infectivity was subjected to phenol extraction, over 85% of the RNA was lost and the remainder appeared degraded and was relatively non-infectious (Wyatt & Kuhn, I975). I neither observed low specific infectivities of CCMV from 2o-day-infected cowpea plants nor degraded RNA if the virus was purified in the presence of EDTA (results not shown).
I have observed that bromegrass mosaic virus and tobacco mosaic virus ribonucleic acids were also degraded in situ, when virus was incubated with z-ME (results not shown). The degradation could be prevented by chelating agents. At least for BMV, CCMV, TMV, AMV (Van Vloten-Doting et al. I97o) and tobacco streak virus (Fulton, I975) addition of EDTA to homogenization and storage buffers greatly improves the preparation of high quality virus with increased stability. Furthermore, since sulphydryl reducing agents are frequently included in enzyme reactions with viruses, addition of chelating agents to the reaction mixtures to improve virus stability is highly recommended.
